The purpose of this study is to examine the effects of different volume and training surfaces during a short-term plyometric training program on neuromuscular performance. Twentynine subjects were randomly assigned to four groups: control group (CG, n=5), moderate volume group (MVG, n=9, 780 jumps), moderate volume hard surface group (MVG HS , n=8, 780 jumps), and high volume group (HVG, n=7, 1560 jumps). A series of tests were performed by the subjects before and after seven weeks of plyometric training. These tests Secondly, when plyometric training is performed on a hard training surface (high impact reaction force), a moderate training volume induces optimal stimulus to increase explosive performance requiring fast SSC actions (e.g. DJ), maximal dynamic strength enhancement, and higher training efficiency. Thus, a finding of interest in the study was that after 7 weeks of plyometric training, performance enhancement in maximal strength and in actions requiring fast SSC (such as DJ and sprint) were dependent on the volume of training and the surface on which it was performed. This must be taken into account when using plyometric training on different surfaces.
INTRODUCTION
Ability to produce muscle power-output by the lower extremity muscles is a relevant performance issue in many sport activities (21). Plyometric exercises are commonly used to increase explosive power, by means of the stretch-shortening cycle (SSC) (28). Plyometric training is highly effective, with the advantage of requiring reduced physical space, time, and equipment to complete the training sessions (9). Several previous studies have been inconclusive in establishing an optimized plyometric training design (i.e. frequency, volume, height of landing) to promote muscle power enhancement (1, 3, 6 ).
Drop jumps (DJ) are common exercises during plyometric training. A DJ implies a sudden eccentric muscle action, which activates a reflex contraction and higher muscle activity (1) . A DJ also implies a rapid coupling between an eccentric and concentric muscle action, commonly referred as SSC (14) . An SSC could be fast (i.e. DJ) or slow [i.e. counter movement jump (CMJ)], depending on the contact time before the jump (4), implying different biomechanical and physiological effects (3) . Therefore it may be suggested that depending on the type of SSC stimulus performed one may induce different plyometric training adaptations.
Although commonly accepted as an effective training method, previous studies haven´t established optimum plyometric training design (i.e. volume) for explosive strength enhancement (1, 3, 6) . Also, the environment (i.e. landing surface) were plyometric training toke place had been poorly studied. The type of training surface during plyometric workout may affect the type of SSC being performed (fast vs. slow), implying different biomechanical and physiological effects (3) , and possible different long term adaptations.
Therefore it may be suggested that depending on the type of SSC stimulus, one may devise different plyometric training adaptations. However, to the best of the authors' knowledge a
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limited amount of scientific literature has controlled this determinant variable (17, 31) .
Stemm and Jacobson (31) trained a group of athletes with the same plyometric program, but with different training surfaces (water vs. sports mat). Both groups improved performance, but no differences between regimens were observed and the subjects were not assigned to their groups randomly. In another study, Impellizzeri et al. (17) examined the effect of 4 weeks of plyometric training in a soccer team that trained on grass vs. sand surfaces. Both groups obtained similar improvements in squat jump (SJ), but the grass training group obtained a significant increase in CMJ and SJ/CMJ reactive index vs. the sand trained group. On the other hand, the sand trained group experienced less muscle pain.
Unfortunately, none of these studies quantified the hardness of the training surfaces with their respective restitution coefficient. This is determined by the separation velocity and the approximation velocity of two objects before and after they collide, and is expressed in absolute values (22). Thus, further research is needed to clarify the effect of plyometric training factors such as volume and training surface on performance adaptations. The purpose of this study was to determine the effects of two different plyometric training volumes (moderate vs. high), and training surfaces (hard vs. soft) on motor performance characteristics of untrained adolescent males. It was hypothesized that motor performance (agility, sprint, strength and jump) will adapt differently according to the training surface and volume used during seven weeks of plyometric training
METHODS

Experimental Approach to the Problem
This study was designed to address the question of how a short-term plyometric training program of moderate frequency (2 session/week), using moderate/high volume and/or
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hard/soft surface, affects maximal and explosive strength, agility and running speed performance. To do this, we compared the effects of 7 weeks of plyometric treatment in four groups of subjects. Some initial tests were executed to establish a baseline. The initial tests were completed in four days (Monday, Tuesday, Thursday, and Friday). After the initial measurements, subjects were randomly assigned to one of four groups: control (CG, n=5), moderate volume (MVG, n=9, 60 jumps/session, for a total of 780 jumps), moderate volume hard surface (MVG HS , n=8, 60 jumps/session, for a total of 780 jumps), and high volume (HVG, n=7, 120 jumps/session, for a total of 1560 jumps). The control group did not train. Our study design (four groups) permit us the comparison between HVG, MVG (both trained over soft surface), as well as a control group, to determine the effect of the independent variable volume, related to the first of our research questions. On the other hand, the comparison between MVG and MVG HS (similar training volumes but on different coefficient restitution surfaces), as well as a control group, let us to determine the effect of the independent variable surface, related to the second of our research questions.
Unfortunately, a fifth research group (high volume and hard surface) was not incorporated, because of the high volume of plyometric training, over hard training surface, may had increase the injury risk on the subjects (7). Thus, ethical issues preclude us to incorporate a fifth group. The training groups used the same intensity during exercises. Before beginning the training period, the subjects were instructed to properly execute all the exercises to be done during this period. The training protocol included DJ from three different heights (20, 40, and 60 cm). All training sessions were supervised. The subjects were instructed to maintain their dietary habits for the whole duration of the study. Also, subjects were instructed to use the same sport shoes during the pre and post intervention testing.
Subjects from the MVG HS used a hard (gymnasium floor) surface, while subjects from the HVG and MVG used a soft (athletic mat over gymnasium floor) surface to complete the plyometric training. The hardness of the training surfaces was quantified by means of a restitution coefficient. The coefficient of restitution was determined by using a high-speed (300 frames/s) camera (Samsung, model sc-mx20c HD). This coefficient is commonly used to determine some physical characteristics for sports balls and other sports elements (i.e. baseball bat) (26). In our investigation, the restitution coefficient of a tennis ball (0.73) was used as a baseline to assess the impact of this type of ball on the athletic mat and gymnasium floor. The differences observed in the restitution coefficient where attributed to the surface characteristics of the mat and gymnasium floor (22). The athletic mat had a restitution coefficient of 0.53 and the gymnasium floor had a restitution coefficient of 0.8.
Subjects
This study involved a group of high school adolescent males (16.89 ± 0.85 years of age). None of the subjects had any background in regular strength training or competitive sports that involved any of the training methods used in the investigation. Because plyometric exercises may induce important adaptations, requiring reduced physical space, time, and equipment, they are commonly used in untrained subjects (i.e. during physical education classes), and during initial phases of children's training and playing approaches.
Thus, the interest of the present study was mainly focused on plyometric training effects of different volumes and surfaces (i.e. hard vs. soft) on non trained boys.. Subjects were reminded during each training session to maintain their usual physical activity habits during the experiment. Exclusion criteria included subjects with 1) potential
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Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited. medical problems or a history of ankle, knee, or back pathology in the 3 months prior to the study, 2) medical or orthopedic problems that compromised their participation or performance in the study, 3) any lower extremity reconstructive surgery in the past 2 years or unresolved musculoskeletal disorders, and 4) subjects who were taking or had previously taken anabolic steroids, growth hormone, or related performance-enhancement drugs of any kind. However, individuals were not eliminated if they had been taken vitamins, minerals, or related natural supplements (other than creatine monohydrate). Institutional Review Board approval for our study was obtained, and all subjects (and their parents or guardians)
were carefully informed about the experiment procedures, and about the possible risk and benefits associated with participation in the study, and an appropriate signed informed consent document has been obtained pursuant to law before any of the tests were performed. We comply with the human and animal experimentation policy statements guidelines of the American College of Sports Medicine.
Procedures
All anthropometric measurements were completed between 10:00 -11:00 h, while performance measurements were completed between 11:00 and 16:00 h. All subjects were instructed to have a good night of sleep before each testing day. Subjects were instructed to avoid drinking or eating at least 2-3 h before measurements. All subjects were motivated to give their maximum effort during performance measurements. submaximal jump exercises of 20 vertical jumps and 10 longitudinal jumps) were executed before each testing day.
Maximal Dynamic Strength (5 RM).
A parallel squat test was selected to provide data on maximal dynamic strength of the lower extremity muscles. Maximal strength was assessed using concentric-eccentric 5RM parallel squat action. Parallel squat tests were completed using free weights, with the subject assuming an initial erect position with the bar behind the shoulders. Then, the subjects lowered the bar until the upper portion of the thighs was parallel with the floor (determined visually by the investigators). Finally, the subject Squat Jump. A SJ was also used to assess maximal vertical jump height performance. The SJ test was performed using an electronic contact mat system (Globus Tester, Codogne, Italy) with a precision of 0.01 m. Jump height was determined using an acknowledged flight-time calculation (5,7). During SJ, the subject was instructed to rest his hands on his hips, foot and shoulders wide apart, adopt a flexed knee position (approximate 90º) during 3 s (25), and followed by a maximal effort vertical jump. All subjects were instructed to land in an upright position and to bend the knees following landing. Three trials were completed, with 10-15 s of rest between them, and the best performance trial was used for the subsequent statistical analysis.
Countermovement Jump. A CMJ was used in order to assess maximal jump height performance requiring slow SSC action. The CMJ test was performed using an electronic contact mat system (Globus Tester, Codogne, Italy); with a precision of 0.01 m. Jump height was determined using an acknowledged flight-time calculation (5) . During CMJ, the subject was instructed to rest his hands on his hips, foot and shoulders wide apart; subjects performed a downward movement [no restriction was imposed over the knee angle achieved (30)] followed by a maximal effort vertical jump. All subjects were instructed to land in an upright position and to bend their knees following landing. Three trials were completed, with 10-15 s of rest between them, and the best performance trial was used for the subsequent statistical analysis.
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20-m Sprint
RESULTS
At baseline, no significant differences between the experimental groups were observed in any anthropometric and performance variables. After training, no significant changes were observed in the control group. During the 7 weeks of plyometric training, no statistically significant changes were observed in the height, body mass or BMI in the experimental groups.
After 7 weeks of treatment, a significant increase (p<0.05) was observed in SJ in the MVG group (pre 27.7 ± 4.7 cm; post 30 ± 4.9cm) (Figure 1) , whereas a significant In accord with previous studies, jump training involving DJ exercises effectively enhanced motor performance (16) . Moreover, plyometric training protocols in adolescent males (similar to those applied in the study) have shown to be effective in inducing an increase in motor performance (32). However, in contrast with a previous study (7), our results indicate that high vs. moderate plyometric training volume of DJ (1560 vs. 780
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jumps in 7 weeks) led to different training-induced explosive performance gains. The MVG experienced a significant increase in SJ (18%), while the HVG exhibited a significant increase in DJ 20cm (28.8%) and a significant reduction in sprint time (-0.8%). The difference between our results and those of the previous study might be explained by the differences in the subject selection criteria. In the study of de Villarreal et al. (7) active physical education students took part in their study, while in our study the subjects where non trained adolescents. It is worth noting the significant reduction in CMJ performance exhibited by the HVG (-4.4%), while the MVG didn't change their performance in this test.
It is possible that training with high volume and low specificity (i.e. a CMJ implicates a slow SSC muscle action, whereas a bounce DJ implicates a fast SSC muscle action) might influence this result.
Our results also show that the hardness of the training surface used during performance was the HVG. So, the volume of training, not the type of surface, affected the improvement in sprint performance.
In conclusion, during 7 weeks of plyometric training, using only DJ exercises in non trained adolescent males, only high plyometric training volume (240 jumps/week) induced a significant increase in sprint performance. Also, only a hard plyometric training surface (restitution coefficient 0.8) induced an increase in maximal dynamic strength performance.
Although both, a high plyometric training volume and a hard training surface had an effect on DJ performance, only the hard training surface induced an increase in fast SSC muscle action after high drop jump height, and proves to be highly efficient to induce performance adaptations (0.038% per jump). On the other hand, a higher volume or a harder training surface may limit adaptations in maximal jump height depending on slow SSC (i.e. CMJ) or pure concentric strength (i.e. SJ) when fast SSC muscle actions are used during training.
PRACTICAL APPLICATIONS
Our results indicate that different plyometric training volumes and surfaces are associated with different explosive strength adaptations. Concretely, our data indicates that a moderate plyometric training volume (i.e. 60 jumps/session or 120 jumps/week) would not induce an increase in sprint performance, instead, a high plyometric training volume (i.e. 120 jumps/session or 240 jumps/week) would be necessary to induce an increase in acceleration sprint (i.e. 20-m). Therefore, a high volume of fast SSC muscle actions during training may be required to induce an increase in acceleration sprint.
Our data also indicates that when moderate volume is used during plyometric training, a hard training surface would be needed if adaptations in fast SSC muscle actions, or reactive strength, are an important objective of training.
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Finally, the present data also suggest that, compared to a high plyometric training volume completed on a soft surface (i.e. 3 cm thick athletic mat), using a moderate plyometric training volume on a hard surface (i.e. wood gymnasium floor), would double the efficiency of adaptations in reactive strength. In others words, a high volume of training would not be necessary to induce reactive strength adaptations when a hard landing surface is used. . These results do not support the notion of ''the more, the better''. So, using a harder surface, and lower plyometric training volume, significant (and time saving)
explosive strength adaptations could be achieved.
Concern has been expressed by some researchers with regard to the training surface used during plyometric training due to its (speculated) high harm/injury index. To the best of the author´s knowledge, when adequate controlled plyometric training intervention had been applied, no important injuries had been reported. In fact, plyometric training had been advocated as a preventive injury strategy (10,19), and even as a rehabilitation tool (14) . It is important to notice that in the present investigation no injuries were reported. More so, subjects reported little subjective muscle pain after the training sessions (data not shown), even when a hard training surface was used. So, a hard plyometric training surface can be preferred if an increase in maximal dynamic strength is needed.
An important practical aspect of our results is that by controlling the training surface intensity, specific neuromuscular adaptations can be induced. For example, plyometric training, with a coefficient of restitution intensity of 0.8, induced a significant increase in maximal dynamic strength, but training with a coefficient of restitution intensity of 0.53
would not be an adequate stimulus to induce increase in maximal dynamic strength. Thus, minimum threshold intensity may be required to induce neuromuscular adaptations after plyometric training.
Also, our data indicates that when high intensity fast SSC muscle actions (i.e. DJ) are performed during plyometric training, due to their low specificity respect to a low intensity slow SSC muscle action (i.e. CMJ), a high volume of plyometric training, and/or a hard training surface, may negatively impact the performance during the latter type of muscle activity. Optimal design of plyometric training programs should take our results in consideration.
